In this study we compare spectroscopic properties of pemoline (2-amino-5-phenyl-2-oxazolin-4-one) and its acid hydrolysis product 5-phenyl-oxazolidine-2,4-dione. Crystallization of pemoline from aqueous acetic acid gave single crystals of compound 2, the structure of which was determined by X-ray studies. All four crystallographically independent molecules form dimers linked by N-H···O=C hydrogen bonds.
Pemoline (1; phenylisohydantoin, phenylpseudohydantoin, 2-amino-5-phenyl-2-oxazolin-4-one, 2-amino-5-phenyl-1,3-oxazol-4(5H)-one) is known to be a central nervous system stimulant; it has narcotic activity and also enhances effects exerted by other drugs [1, 2] . It is poorly soluble in the majority of organic solvents and in water, but is soluble in acetic and propionic acids.
Magnesium complexes of pemoline have more potent biological activity than pemoline alone, and have been reported to exhibit a protective effect against lethal doses of ionizing radiation [3] .
Pemoline has one asymmetric carbon atom at C-5 of the oxazoline ring and it thus occurs in two enantiomeric forms; it has been a subject of chromatographic studies [4] . Acid hydrolysis of pemoline leads to substitution of the amino by a carbonyl group [5] . The ease with which this process occurs can result in false interpretation of the chromatography results (when the mobile phase contains an acid component), or of UV analysis (spectra are recorded in acidic aqueous solutions [6] ). The hydrolysis product, 5-phenyloxazolidine-2,4-dione (2), can also be obtained by oxidative hydroxylation of substituted barbituric acid [7] , hydrolysis of pemoline N-acetyl derivative [8] or direct synthesis from ethyl mandelate and urea [9] . Com-0932-0776 / 05 / 0800-0853 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com pound 2 or its derivatives can be used as precursors in the synthesis of substituted penicillins [10] .
For our studies pemoline was obtained from ethyl mandelate and thiourea, as described in [5] and compound 2 by subsequent acidic hydrolysis. The purity of both compounds was confirmed by analytical and spectroscopic methods. We attempted to solve the problem of possible pemoline isomers, as discussed in [12] , by establishing its crystal structure. Unfortunately, we were not able to obtain single crystals of this compound in any "neutral" (non-acidic) solvent. The acetic acid/water mixture used as a solvent allowed us to obtain (after one year) crystals of moderate quality, the crystal structure of which (see below) showed, however, that the crystallized substance was not pemoline but its hydrolysis product 2.
The published UV spectrum of 1, which could provide fundamental data characterizing pemoline [6] , is identical with that of compound 2. These spectra were however recorded in acidic solutions; thus in both cases they could pertain to the same substance, compound 2. Unfortunately, precise determination of ε values for both compounds was not successful because of insufficient solubility. The IR spectra (Table 1) show two carbonyl bands for both compounds at 1719 cm −1 and 1660 cm −1 for 1 and 1824 and 1733 cm −1 for 2. The vibration occurring at 1719 cm −1 for pemoline is of low intensity and can be assigned to the imino group. In the Raman spectra lines at 1721 and 1805 cm −1 for 1 and 2, respectively, represent the carbonyl group. Also, the vibrations at 1606 and 1590 cm −1 for 1 and 1604 and of increased ms/ms conditions, the ion at m/z = 353 becomes fragmented into an ion at m/z = 177 (pemoline). In the negative ion mode the mass spectrum of 1 is complicated and the intensities of the peaks are very low. The ESI-MS spectrum of 2 can be recorded only in the negative ion mode. Only one intense peak is observed at m/z = 176[M-H] − . In the positive ion mode the intensities of the peaks are very low.
The crystal structure of 2 is complex, with four independent molecules in the asymmetric unit (Fig. 1 , Table 2 ). Molecules 2, 3 and 4 are distinguished by adding prime, double prime or hash symbols to the atom names. Despite the moderate crystal quality, atom types could be assigned unambiguously and hydrogen atoms were located in difference syntheses, thus confirming the formula 2. Bond lengths and angles may be considered normal (e. g. C2-N3 1.370 -1.383(5) and C4-N3 1.363 -1.372 (5); cf. the standard value of 1.376 for O=C-NH-C=O systems [12] ). The molecules have a torsional degree of freedom about the C5-C11 bond, and the torsion angles are appreciably different; C12-C11-C5-O1 is 150.9, −94.6, 152.3 and −95.6 for the R enantiomers of the four molecules. The crystal packing (Fig. 2) involves pairs of molecules, one R and one S in each case, linked by N-H··· O=C hydrogen bonds (Table 3 , first four entries; in each case O2 is the acceptor). Molecules 1 and 2 form such a dimer, whereas molecules 3 and 4 are paired as homo-dimers across inversion centres. The second four entries in Table 2 represent N-H··· O1 contacts that might be regarded as weak components of three-centre H bond systems (not shown in Fig. 2 ). The carbonyl oxygen atoms O4 are not involved in classical H bonding but accept weak H bonds from C5-H5 (last four entries in Table 3 ; not shown in Fig. 2) .
The X-ray structure of 3, the sulphur analogue of pemoline (with sulphur in position 1 of the heterocyclic ring) has been reported; there are two modifications, both crystallizing in space group P2 1 /c with two independent molecules. In one form, the two independent molecules form a dimer via two N-H··· N hydrogen bonds [13, 14] ; in the other [15] , these dimers display inversion symmetry. Both modifications additionally form two N-H··· O=C hydrogen bonds.
The structure of 4, the diphenyl derivative of 1,3-oxazolidine-2,4-dione, is similar. This compound does not, however, contain an asymmetric carbon atom and its crystal structure is less complex, with only one independent molecule; a hydrogen bond N-H···O=C is observed [16] .
Experimental Section
The proton NMR spectra were recorded with a Bruker spectrometer (500 MHz), chemical shifts are in ppm (CDCl 3 /TMS). Electronic spectra were recorded on a Genesys 6 (ThermoSpectronic) spectrophotometer in propionic acid-water (1:1, v/v) solutions. IR spectra were recorded with the Nicolet FT-IR Magna 560 spectrometer in KBr pellets. The Raman spectra were measured using the Raman accessory with the Nicolet FT-IR Magna 560 spectrometer (Nd:WVO 4 laser worked in the near infrared range (9600 cm −1 )). ESI mass spectra were recorded on a LCQ DUO FINNINGAN THERMOQUEST instrument. HRMS and EI mass spectra (70 eV) were measured on a AMD 604 (AMD Intectra) spectrometer.
2-Amino-5-phenyl-2-oxazolin-4-one (1)
The compound was synthesized from racemic ethyl mandelate and thiourea as described in [5] 
5-Phenyl-oxazolidine-2,4-dione (2)
A slurry of 0.1 g of pemoline 1 in 10 ml of 10% aqueous sulfuric acid was boiled for 0. Hydrogen atoms of NH groups were refined freely with distance restraints, other H atoms were included using a riding model.
Complete crystallographic data (excluding structure factors) have been deposited at the Cambridge Crystallographic Data Centre under the number CCDC-268342. Copies can be obtained free of charge from CCDC, 12 Union Road,
